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A. The Determinantal Assignment and Polynomial
Combinants A large family of problems for Linear Systems involving Dynamic Compensation [4] , may be reduced to a common formulation represented by the detenninantal assignment problem (DAP) [8] . This deals with the study of the following equation with respect to polynomial matrix H(s):
been parameterized in terms of order and degree [6] and this has introduced the foundations for the investigation of a number of properties of the family of dynamic combinants, where the most prominent is that of spectrum assignability for some value of the degree and order of the dynamic combinant. Under the conditions of coprimeness of polynomials defining the combinant, there is always an order and degree such that the corresponding combinant has its spectrum assignable. Parametrising all dynamic combinants according to order and degree is a problem that is considered here. We show that all combinants of degree greater than the Sylvester degree have elements which are assignable, and there is a set of degrees less than the Sylvester degree for which we have assignable combinants for some appropriate order. The latter property motivates the study for finding the least degree and order combinant that is spectral assignable. The paper provides an overview of the theory of dynamic combinants and examines the solution of the Minimal Design Problem.
Notation: Qk,n is the set of lexicographically ordered, strictly increasing sequences of k integers from the set ii~{1,2,...,n}. If V is a vector space and {v., ..., v. } are
The study of detenninantal type problems (such as pole zero assignment, stabilisation) has been unified by the development of a framework referred to as Detenninantal Assignment Problem (DAP) [8] . DAP is a multi-linear nature problem and thus may be naturally split into a linear and multi-linear problem (decomposability of multivectors). The final solution is thus reduced to the solvability of a set of linear equations coming from the spectrum assignability of polynomial combinants [7] , characterising the linear problem, together with quadratics characterising the multi-linear problem of decomposability, which in tum define some appropriate Grassmann variety [3] . Dynamic compensation problems may also be studied within the DAP framework, but their linear sub-problem depends on dynamic polynomial combinants which have much richer properties and they have been studied recently [6] . Amongst the open issues in the area of dynamic frequency assignment problems, is defining the least complexity compensator, for which we may have solvability of the arbitrary spectrum assignment of the corresponding DAP. This is referred to as the minimal design problem of DAP. The fundamental aspects of the theory of dynamic polynomial combinants have been examined in [6] , where their representation in terms of Generalized Resultants and Toeplitz matrices has been established [2] . Dynamic polynomial combinants have Abstract-Polynomial combinants define the linear part of the Dynamic Determinantal Assignment Problems, which provides the unifying description of the frequency assignment problems in Linear Systems. The theory of dynamic polynomial combinants have been recently developed by examining issues of their representation, parameterization of dynamic polynomial combinants according to the notions of order and degree and spectral assignment. Dynamic combinants are linked to the theory of "Generalised Resultants", which provide the matrix representation of polynomial combinants. We consider coprime set polynomials for which assignability is always feasible and provides a complete characterisation of all assignable combinants with order above and below the Sylvester order. The complete parameterization of combinants and coresponding Generalised Resultants is prerequisite to the characterisation of the minimal degree and order combinant for which spectrum assignability may be achieved. 
hen by the Binet-Cauchy theorem [ll] we have that [7] fM(s, (3) (ii) Multilinear subproblem of DAP: Assume that }( is the family of solution vectors k(s) of (3). Determine whether
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The representation problem of a given order and degree dynamic combinant is summarised here [6] and this involves the parameterization of all sets leading to a polynomial combinant of a given degree p. We assume that the maximal
Pm(S) (5. 
The matrix P E JR(mx(n+l) is the basis matrix ofP and
B. Generalised Resultant Representations of Dynamic Combinants
For the general (m;d) set }( with a representative vector then fd (s, lC, P) may be expressed as power of the (m;n(q)) set P , defined by
The set pd has then a basis matrix representation as shown S ill m(d+l)x (p+l) in (11) where
which is the d-th
Generalised Resultant representation representation [1] , [2] of the set P and SP,d is the basis matrix of the pd set. An alternative expression for the dynamic combinant is obtained using the basis matrix description of the set P [6] , referred to as the Toeplitz representation.
PI des) 
and the corresponding subfamilies are
Clearly, the degree of the proper combinants satisfies p~n .
The entire family of proper combinants of P may thus be parameterised by degree and orders. The set of alllC vectors, is denoted as < K > and may be partitioned as
(ii) The general degree family p=n+d, {K p } is then expressed as (14) 
The set lC:-q with the highest order d, == p -q is the generator of the family and its degrees are
Similarly, the set lC:-n with the d n -q + 1 == P -n lowest order is the co-generator of the family and its degrees are
The above suggests that the entire family < lC > may be expressed in "direct sum" form Proposition (2): The dynamic combinant!d(s,K;, P), generated by the set {lC:} is equivalent to a constant combinant of degree p that is generated by the polynomial Remark (1): For the set P we can parameterise all dynamic combinants by the degree p and the corresponding order d as:
and their properties are defined by the properties of
q,n-I 
v. SPECTRUM ASSIGNMENT OF DYNAMIC COMBINANTS AND THE SYLVESTER RESULTANT
We now consider the problem of arbitrary assignment of the spectrum of dynamic combinants for some appropriate order
The properties of all dynamic combinants are described by the corresponding family of matrices referred to as the family ofGeneralised Resultants of the set P .We distinguish a special element that corresponds to
The Generalised Resultants corresponding to the parameterized set {lC:} are defined by: where P, = n + q -1 and each subset of a fixed degree is partitioned by the corresponding order has n-q+ 1 elements.
Proposition (4): The proper combinant of the (m,n(q)) set P that has P, = n + q -1 degree and order 
Sn,q-I (PI)
of the theory of dynamic combinants that may answer questions related to zero distribution of combinants, and its links to the existence of a nontrivial GCD, as well as "approximate GCD". The parameterizations in terms of order and degree and the conditions for existence of assignable combinants provide the means for the investigation of the minimal design problem. The study of this and the proof of the results is given in [14] . 
